Pseudomonas aeruginosa is a gram-negative bacterium and opportunistic human pathogen that produces several extracellular proteins that contribute to its virulence (10) . Those exoproteins are involved in alteration of the host tissues and in the disorganization of cellular functions. The secreted proteins include degradative enzymes such as elastase and toxins such as exotoxin A (PE), an ADP-ribosyltransferase (45) . The secretion into the extracellular medium of the majority of these virulence factors, including elastase and PE, requires the socalled general secretory pathway (32) . This pathway is widely conserved in gram-negative bacteria, i.e., Klebsiella oxytoca (Pul) (33) , Erwinia species (Out) (24, 36) , Vibrio cholerae (Eps) (39) , Aeromonas species (Exe) (19, 21) , Xanthomonas campestris (Xps) (5) , Legionella pneumophila (Lsp) (14, 23) , Escherichia coli (Gsp) (11) , and Pseudomonas species (Xcp) (4, 9, 13) . Briefly, the exoproteins using this pathway are synthesized as precursors with an N-terminal signal peptide which is cleaved off during translocation across the cytoplasmic membrane via the Sec machinery (6) . The proteins are subsequently released into the periplasm, where they fold into what appears to be their final conformation. Several studies have demonstrated that disulfide bond formation and chaperone-assisted folding are crucial steps in the generation of a protein competent for the final step in the secretion process (2, 3, 7, 31) . During this step, the folded mature proteins are translocated across the outer membrane via a specialized machinery called Xcp in P. aeruginosa, i.e., the main terminal branch of the general secretory pathway, or type II pathway (10) . This machinery is composed of 12 xcp gene products (XcpP to XcpZ and XcpA) distributed within the bacterial cell envelope. The unravelling of protein-protein interactions within this macromolecular complex is one of the major issues addressed by researchers in the field.
In addition to the interactions required for the assembly and functioning of the machinery, the mechanism allowing specific recognition of secreted substrates as distinct from periplasmic resident proteins appears to be a key event. Indeed, translocation across the outer membrane is a highly specific process that requires targeting features for the unambiguous recognition of the secreted protein by the secretion machinery. The features permitting specific exoprotein recognition by the Xcp and "Xcp-like" machineries in other bacteria are poorly understood. In P. aeruginosa, exoproteins are structurally highly diverse (e.g., PE, elastase, and lipase) and do not contain obvious sequence similarities that might constitute a common secretion signal. The absence of obvious linear motifs among various substrates sorted by a common unique machinery and the ability of the Xcp machinery to transport folded polypeptides suggest the existence of a conformational motif, a specific structure found only within the mature, folded protein. Consequently, this secretion signal might be identified in proteins that have known three-dimensional structures.
P. aeruginosa mature PE is a 613-amino-acid protein with a molecular size of 66,600 Da. The toxin enters eukaryotic cells by receptor-mediated endocytosis and is then translocated into the cytosol (22) , where it catalyzes ADP-ribosylation of elongation factor 2, resulting in protein synthesis inhibition and cell death. The three-dimensional structure of PE shows the existence of three distinct domains (1), the functions of which have been elucidated (20) . Domain I, which encompasses amino acids 1 to 252 (Ia) and 365 to 404 (Ib), is responsible for cell recognition; domain II (residues 253 to 364) is involved in translocation of the toxin across the membrane of intracellular compartments; and domain III (residues 405 to 613) forms the catalytic domain. Previous studies using hybrid and truncated proteins have reported the existence of discrete recognition signals in PE. Those signals map either to domain Ia or to the 305 C-terminal residues of PE (15, 26, 28) . More particularly, domain I was shown to allow secretion of ␤-lactamase by the Xcp system (26) . Whether those signals constitute independent recognition motifs or function synergetically remains to be elucidated. In order to determine whether other regions of the protein contain secretion information essential in the recognition process, we have focused our investigations on central domain II. This domain of PE is composed of six consecutive ␣-helices named A to F. We previously deleted each of these helices independently (43) . In this study we analyzed the effect of these deletions on secretion by P. aeruginosa and showed that features within domain II are important for efficient recognition of PE by the Xcp secretion machinery.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Escherichia coli strain TG1, used for propagating recombinant plasmids, was grown at 37°C in L broth for isolation of plasmids. P. aeruginosa strain PAK-NT was used as the standard strain for assaying for protein secretion. PAK-NT is an exotoxin A (toxA) mutant obtained by insertion of a gentamicin resistance gene cassette (42) . Recombinant broadhost-range plasmids were introduced into PAK-NT by triparental mating with pRK2013 as a helper plasmid (8) . Protein secretion was assayed in plasmidbearing PAK-NT strains grown at 30°C in L broth. Ampicillin (50 g/ml for E. coli) and carbenicillin (300 g/ml for P. aeruginosa) were used where appropriate.
Recombinant DNA techniques, plasmids, and subclones. General procedures for the isolation, analysis, and manipulation of DNA were as described by Sambrook et al. (38) . Plasmids encoding PE, PE-2T, and PE lacking helix A, B, C, D, E, or F from PE domain II have been previously described (43) and are schematically represented in Fig. 1 . XbaI-EcoRI inserts carrying the genes encoding those PE derivatives were subcloned into the broad-host-range plasmid pMMB67HE (12) digested with XbaI and EcoRI, yielding pMRV1PE (PE wild type), pMRV2T (PE-2T), pMRV1A (PE-delA), pMRV1B (PE-delB), pMRV1C (PE-delC), pMRV1D (PE-delD), pMRV1E (PE-delE), and pMRV1F (PEdelF). PE-46 has a deletion of residues 48 to 226 within domain I and was recloned into pMMB67HE, yielding pMRV46.
Subcellular fractionation of PE and its derivatives. PAK-NT carrying recombinant plasmids was grown to an optical density at 600 nm (OD 600 ) of 3 to 4 (stationary phase). An equivalent of 3 OD 600 units of culture was separated into cell and supernatant by centrifugation. The proteins were precipitated from the supernatants with 15% trichloroacetic acid (TCA) for 30 min at 4°C, resuspended in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sample buffer and heated for 7 min at 95°C. Cell pellets were directly resuspended in SDS-PAGE sample buffer and heated. The periplasmic fraction was prepared as described previously (18) . Cell pellets were first washed in 50 mM Tris-HCl (pH 7.4), resuspended in 50 mM Tris-HCl (pH 7.4)-200 mM CaCl 2 and gently shaken for 30 min at 30°C. Samples were then incubated for 5 min on ice and then for 15 min at room temperature. These incubation steps were repeated once, and finally the cells were pelleted by centrifugation. The supernatants, corresponding to the periplasmic fluid, were precipitated with 15% TCA. Cell pellets and TCA-precipitated supernatants were then resuspended and heated in SDS-PAGE sample buffer as above.
SDS-PAGE and immunoblotting. Samples were solubilized in SDS-PAGE sample buffer and separated using 11% polyacrylamide gels containing SDS. Proteins were then blotted onto nitrocellulose membranes which were developed using goat or rabbit antiserum directed against PE, followed by a peroxidaseconjugated rabbit anti-goat or goat anti-rabbit immunoglobulin G detected by chemiluminescence (kit from Pierce). To quantify nonspecific leakage, periplasmic ␤-lactamase was also probed using specific antibodies. Quantitative estimation of the relative amounts of PE detected was carried out using the Image Quant program (Molecular Dynamics) after scanning the chemiluminescence films.
Gel filtration. PE and derivatives were purified as described previously (43) . Purified toxins (at ϳ0.5 mg/ml) were applied (200-l sample volume) to a Superdex 200 column (HR10/30; Pharmacia). The column was calibrated using yeast alcohol dehydrogenase (150 kDa), human transferrin (80 kDa), bovine serum albumin (66 kDa), and bovine carbonic anhydrase (29 kDa). Proteins were eluted in 750-l fractions using phosphate-buffered saline at 250 l/min and monitored at 280 nm.
Graphic computer analysis of PE three-dimensional structure. The atomic coordinates were kindly provided by David McKay, since the Protein Data Bank entry only contains the C␣ positions of domain III. The graphic inspection and analysis were performed using Turbo-Frodo (37) .
RESULTS
Influence of domain II deletions on PE secretion. Six PE variants, each lacking one of the helices from PE domain II, were constructed previously (43) (Fig. 1) . The genes encoding these truncated forms of PE were cloned in the broad-hostrange plasmid pMMB67HE under control of the tac promoter and introduced into a P. aeruginosa strain, PAK-NT. This strain is an exotoxin A (toxA) mutant obtained by insertion of a gentamicin resistance gene cassette (42) . PAK-NT cells carrying each of the truncated PEs were grown to an OD 600 of 3 to 4. No addition of isopropyl-␤-D-thiogalactoside (IPTG) was required to obtain sufficient expression of PE and its derivatives in P. aeruginosa. After immunoblotting using an antibody directed against PE, the secretion level of the truncated PE forms could be evaluated by comparing signals obtained with cell extracts and precipitated culture supernatants (e.g., Fig.  2A ). The only truncated PE form that was efficiently secreted was the variant lacking helix F (PE-delF). Inspection of data from three independent experiments indicated that the truncated PEs fall into distinct categories with respect to their average secretion level (Fig. 2B ). PE-delF is secreted almost as efficiently as wild-type PE, indicating that this helix has a marginal role, if any, in the secretion of PE. The PE with a deletion of helix C (PE-delC) exhibited a greatly reduced level of secretion (10 to 20%) but was still clearly detectable at levels higher than could be explained by nonspecific leakage in the supernatant fraction ( Fig. 2A) . The PE forms with deletions of helices A, B, and D (PE-delA, PE-delB, and PE-delD, respectively) were extremely poorly secreted (Ͻ5%), but this amount is significant since no quantifiable amount of the normally periplasmically located ␤-lactamase was ever detected in the supernatant fraction (data not shown). Finally, deletion of helix E (PE-delE) had the most drastic effect on secretion, since no PE-delE was ever detected in the supernatant fraction in any of the experiments performed.
Nonsecreted PE forms are periplasmically located. We next examined whether the lack of secretion was due to inefficient outer membrane translocation of the PE forms via the Xcp machinery or to a block in the first step of translocation across the inner membrane via the Sec machinery. Cells of PAK-NT containing the different PE derivatives were grown as previously described, and periplasmic extracts were prepared (see Materials and Methods). Samples were loaded on SDS-PAGE gels followed by immunoblotting with antibodies directed against PE. The results obtained indicated that in all cases, the nonsecreted PE forms were mostly located in the periplasmic fraction ( Fig. 3 and data not shown) . It should be noted that the amount of proteins detected in the cytoplasmic fraction is due to inefficient release of the periplasmic fraction, as seen for ␤-lactamase (data not shown). The limiting step in the secretion process thus appeared to be the Xcp-dependent outer membrane translocation. This observation confirmed the previously reported data which showed that the PE derivatives were periplasmic when produced by E. coli (43) . However, the truncated forms of PE seemed to be more sensitive to proteolytic degradation than the wild-type PE form (Fig. 3) , which suggests a difference in folding state and structure (see the Discussion section). Interestingly, full-length PE-delE was clearly detectable in the periplasm but was not found in the supernatant fraction, indicating that lack of secretion is not due to proteolytic degradation in the periplasm. Indeed, in the case of PE-delC, the intact protein was recovered from the supernatant in spite of the proteolytic degradation (Fig. 3) .
Permissivity of insertion at helix F. We have shown that deletion of helix F did not affect secretion of PE. This observation suggests that no secretion information is contained within this helix and that this deletion does not disturb the protein's conformation and subsequently its recognition by the Xcp machinery. The position occupied by helix F might be a permissive site for the insertion of protein domains without disturbing the efficient secretion of the hybrid proteins by the Xcp machinery. We examined the secretion of a previously engineered PE protein (43) in which a large part of PE domain II has been duplicated by the insertion of the B, C, D, and E helices at the position of the F helix (PE-2T) (Fig. 1) . The gene was recloned in the broad-host-range vector pMMB67HE and introduced into PAK-NT, and secretion was analyzed by immunoblotting as above. The results (Fig. 4) revealed that PE-2T, which as expected was larger than wild-type PE, was efficiently secreted into the extracellular medium even though weakly produced, indicating that the increased molecular size of the PE derivative PE-2T (75.6 kDa instead of 66.6 kDa) does not affect secretion.
Influence of domain II deletions on PE molecular size. It was previously reported that some of the truncated PE forms migrated more slowly than PE on nonreducing gels (43) , indicating a slightly less compact tertiary structure. This was particularly marked in the case of PE-delE, which is totally secretion defective. We decided to investigate further the potential relationship between compaction and secretion by analyzing the different variants using gel filtration on a Superdex 200 column (Fig. 5) . The results obtained showed that PE-delE is the most affected variant form, since it eluted in fraction 14, whereas PE eluted with fraction 20 (Fig. 5C ). The shift in position of the PE-delE elution peak seems to be due to relaxation of the molecule rather than to the formation of dimers, since this peak is very sharp, reflecting a homogenous population of molecules. Moreover, dimers were not observed on nonreducing SDS-PAGE (43) . PE-delF coeluted with PE in fraction 20 (Fig. 5D ), indicating that no major structural changes have occurred in the molecule and in line with the fact that this variant form conserved all PE biological activities, including the ability to be secreted by the bacterium. PE-delC and PE-delD, which were both secreted at significant levels, had a high elution peak in fraction 20 as well (Fig. 5B) . In contrast, PE-delA and PE-delB had more clearly retarded elution peaks (Fig. 5A) , which may indicate why they are poorly, or not, secreted.
DISCUSSION
The type II secretory pathway is widely conserved in gramnegative bacteria. Yet species specificity appears to be highly stringent, since heterologous secretion hardly ever occurred, at least efficiently. One striking example concerns the very similar Cel5 (formerly EGZ) (41) and CelV cellulases, which cannot
FIG. 2. (A) Secretion by P. aeruginosa PAK-NT of PE and PE derivatives deleted within domain II. PAK-NT cells containing the pMMB67HE vector (C
Ϫ ) or pMMB67HE derivatives carrying genes encoding wild-type PE and various deletions of domain II helices A to F (PE-delA to PE-delF) were separated into cellular (C) and extracellular (SN) fractions. Samples were loaded on SDS-11% PAGE gels followed by immunoblotting using a rabbit antiserum directed against PE. Only that part of the gel where whole-length PE and PE derivatives migrated is shown. (B) Quantitative analysis of PE secretion levels. The Western blots presented in panel A were scanned, and bands were quantified using Image Quant (Molecular Dynamics). The values presented are means of three independent experiments.
FIG. 3. Subcellular localization of PE derivatives in PAK-NT cells containing the pMMB67HE vector (C Ϫ ) or pMMB67HE carrying genes encoding wild-type PE, PE-delC, or PE-delE. Samples were loaded on SDS-11% PAGE followed by immunoblotting using a goat antiserum directed against PE. C, cell fraction (cytoplasm plus membrane); P, periplasmic fraction; SN, extracellular fraction. Molecular size markers are indicated on the right (in kilodaltons). The position of PE and derivatives is indicated by an arrow.
FIG. 4. Secretion by P. aeruginosa PAK-NT of PE and the PE derivatives PE-2T and PE-46. PAK-NT cells containing the pMMB67HE vector (C
Ϫ ) or pMMB67HE carrying genes encoding wild-type PE or PE-2T and PE-46 derivatives were separated into cellular (C) and extracellular (SN) fractions. Samples were loaded on SDS-11% PAGE followed by immunoblotting using a rabbit antiserum directed against PE. Molecular size markers are indicated on the right (in kilodaltons).
be heterologously secreted by the very closely related producer strains, Erwinia chrysanthemi and Erwinia carotovora, respectively (34) . There is thus little doubt that specific targeting signals must be present within the sequence of the substrates secreted by the type II machinery and that this signal is only efficiently recognized by the secretion machinery of the organism that produces this substrate. Though several attempts have been made to define these targeting signals in different systems, no common features have emerged. The use of gene fusions with ␤-lactamase or alkaline phosphatase allowed the identification of specific regions implicated in the secretion process. The results obtained with Klebsiella oxytoca pullulanase hybrids identified two distal regions within the primary sequence, between residues 1 and 78 and 735 and 814, which are both necessary to promote secretion of ␤-lactamase across the outer membrane (40) . In the case of P. aeruginosa PE, residues 60 to 120 appeared to be sufficient for directing ␤-lactamase secretion (26) . However, in the case of E. carotovora polygalacturonase (PehA), no more than the last two amino acids of the PehA could be excluded from a PehA-Bla hybrid without blocking secretion (29, 30) . Passenger proteins might contain structures incompatible with efficient secretion by the type II machineries.
Other approaches using simple deletions have also been carried out. In this way, it could be shown that deletions of either of the two previously identified pullulanase secretion motifs reduces but does not abolish secretion (40) . In addition, a truncated form of PE containing the N-terminal 30 residues connected to the C-terminal 370 residues, thus lacking the previously mentioned residues 60 to 120, is also secreted (28) . These results indicate that more than a single region within the primary sequence might function as a targeting motif. Whether these regions function independently or synergetically remains to be elucidated. Studies done with cellulase Cel5 from E. chrysanthemi previously established that secretability is probably not controlled by a single discrete region but requires information present on the whole length of the protein. Indeed, in this case it appears that information for outer membrane translocation is present in both the catalytic and cellulose-binding domains (35) .
Failure to identify discrete elements within the primary sequence of type II-transported substrates led to the hypothesis that the targeting signal might be a conformational motif. This speculation is also strongly supported by the fact that type II-secreted proteins acquire a high level of folding within the periplasm, even before they are translocated across the outer membrane. In particular, it has been shown that disulfide bond formation is a prerequisite for secretion of E. chrysanthemi Cel5 and K. oxytoca pullulanase (2, 31), and aerolysin and cholera toxin oligomerize within the periplasm prior to secretion by the type II machinery (16, 17) . The conformational motif could be located in one area of the folded molecule, such an area being generated by residues coming from diverse regions of the primary sequence. This hypothesis may fit with the identification of the two distal motifs within the K. oxytoca pullulanase (40) . Alternatively, the motif could be a defined region of the primary sequence but highly dependent on the folding of the molecule for its proper exposition to the secretion machinery.
PE from P. aeruginosa is a single-chain cytotoxin, arranged into three major structural domains (1) (Fig. 6A) . It belongs to the group of exoproteins secreted by the type II secretion machinery (Xcp) (10) , and it was shown that a periplasmic intermediate is part of the normal route for its extracellular secretion (27) . We examined the role of domain II, which previous studies indicated did not contain information needed for secretion. Domain II is composed of six ␣-helices (A to F) that form the translocation domain. We showed that deletion of any of these helices except F reduces or abolishes secretion of PE. Importantly, we thus first concluded that no secretion information was contained within helix F.
In order to seek an explanation for the observed differences in secretion level between the truncated PE forms, the threedimensional structure of PE (1) was inspected by graphic means. We have shown that PE-delE is totally incompetent for secretion to the extracellular medium. The structural evidence that the mutational deletion of helix E in domain II must lead to dramatic changes in the structure of the protein is illustrated in Fig. 6A and B. Besides the fact that helix E spans the entire domain II (21 residues), it forms tight links to the neighboring domains Ib and III (Fig. 6A) . Residues E334 and R337, at the N-terminal end of helix E, are hydrogen bonded to Q485 of domain III (Fig. 6B) . A double-bridged salt link is formed by   FIG. 6. (A) Ribbon representation of the three-dimensional structure of PE, indicating the organization into domains. Domains Ia and Ib are shown in green and light green, respectively. Domain II is in yellow with the exception of helices C, E, and F, which are red, and domain III is blue. Helix E both plays a central role in the structuration of domain II and ensures the interconnection of domain II with domains I and III. Helices C and F are rather short and highly surface exposed, with few contacts to other structural elements and no contacts to domain I or domain III. The figure was produced with the program Turbo-Frodo (38) . (B) Close-up view of helix E, highlighting the zones of interactions with other domains. All residues are represented as backbone except those in domain II (residues in red) that are involved in hydrogen bonds formed with residues of domain III (residues in blue) and with residues from domain Ib (residues in light green).
E348, at the C-terminal end of helix E, and R467 in domain III (Fig. 6B) . Residues E346 and R349 form hydrogen bonds with the main chain N (L390) and CO (A388) groups of residues, respectively, situated in the ␤-strand of domain Ib (Fig. 6B) . Helix E is also implicated in numerous hydrophobic contacts, not only with the surrounding helices of the same domain but also with hydrophobic residues in domains Ib and domain III. The breakdown of all of these stabilizing contacts and links most probably leads to incorrect folding of domain II and could also disturb proper domain organization, with domain I and III possibly falling apart. Helix F, the deletion of which did not interfere with the secretion properties of the protein, is a very short helix (9.2 Å) of two complete helical turns. The helix is located at the tip of a surface loop, is highly surface exposed, and does not make any major hydrogen bonds with neighboring helices (Fig. 6A) . Presumably, the distance of 9.2 Å, corresponding to the length of helix F, can easily be bridged by the surrounding residues that are not involved in secondary structures without perturbing the overall fold. PE-delC is another form of PE whose secretion is drastically reduced. Helix C is of an intermediate length (14.8 Å) and exposed at the surface of the folded PE (Fig. 6A) . Within domain II, it is a rather isolated helix with few close contacts and no particular hydrogen bonds to the surrounding helices. The residues preceding (301 to 309) and residues following (318 to 323) helix C (310 to 317) are unstructured loop regions, and therefore, one can imagine that, with small conformational rearrangements, these stretches could replace helix C without drastically influencing the overall fold of domain II. The presence of three glycine residues in the loop between helices C and D supports this hypothesis.
The predicted changes in the structure of domain II caused by all deletions except that of PE-delF are confirmed by the previous observation that none of the truncated PE forms has a functional domain II; i.e., none of these variants was transported into the cytosol after internalization by eukaryotic cells (43) . Interestingly, it was also previously shown that none of these deletions within PE domain II interfered with cell binding or internalization or enzymatic activity, indicating that domains I and III are correctly folded (43) . Thus, if there is a secretion signal in domain I or III and it is sufficient for secretion, the truncated proteins studied here should be efficiently secreted. This was not the case, however, even though they were correctly exported to the periplasm. The lack of translocation across the outer membrane might be due either to the absence of a secretion motif, contained in domain II and essential for recognition by the Xcp machinery, or to a default in the presentation of a secretion signal(s) contained in other domains because of the incorrect folding of the molecule. Since domain I alone may trigger ␤-lactamase secretion in an Xcp-dependent fashion (26) , the first alternative appears unlikely. Moreover, when we analyzed the fate of a protein from which most of domain Ia has been deleted (residues 48 to 226), all of the molecules were retained within the cell (Fig. 4) . This confirms that information critical for secretion is contained in this particular domain. The hypothesis that altering domain II may alter the overall conformation of the molecule and exposure of the secretion signal is restricted by the observation that the structures of domains I and III are not altered in these variants truncated within domain II. Consequently we postulated that the lack of secretion in this case is due to a separation of the two folded domains and a change in the molecular dimension due to the formation of a hinge by the destructured domain II. The fact that truncated PE proteins such as PEdelE and PE-delC displayed increased susceptibility to periplasmic proteases favors this hypothesis. Moreover, gel filtration experiments showed that indeed the Stockes radius of these molecules is increased. This is obvious for PE-delE, which eluted in a totally different fraction from wild-type PE (Fig. 5C) . Interestingly, PE-delE is the most affected of the domain II helix deletion mutants with respect to translocation across the outer membrane. On the other hand, PE-delF, which is the only variant whose secretion is unaffected, has an elution profile identical to that of PE (Fig. 5D) . The weakly secreted PE-delC and PE-delD also have a high peak of elution in the fraction corresponding to PE (Fig. 5B) , in contrast to the nonsecreted PE-delA and PE-delB forms (Fig. 5A) . Thus, the gel filtration data correlate well with the secretion behavior.
Several lines of evidence presented here suggest that PE domain II is important for secretion of the molecule. Alterations within this domain, although not affecting the folding and function of the other domains of the molecule, yield nonsecretory PE derivatives. However, we suggest that this domain does not contain the targeting signal per se but might be important for the proper positioning of the signal within the molecule and subsequently for its presentation to the secretion machinery. The role of a properly folded domain II might be to keep in close contact domains I and III, both of which have been proposed to contain targeting informations. Thus, modifications in domain II do not influence the structure of the adjacent domains but might disturb the level of compaction of these domains in the overall molecule in which they might be loosely packed, as suggested above for PE-delE. This hypothesis is supported by the analysis of the three-dimensional structure of PE and the structural description of PE-delE and is in line with recently reported data on E. chrysanthemi PelC exoprotein (25) . In this study, the authors suggest that an exposed region at the C terminus of the protein contains the targeting information but proper positioning of this signal is dependent on two other regions present within the core of the molecule. The fact that even minor sequence changes, as described for the channel-forming toxin aerolysin (44) , can alter presentation of the secretion signal makes our task of identifying the common features of the secretory information among type II-dependent secreted proteins very difficult. One approach which may give fruitful information will be to systematically and randomly mutagenize structural genes for model proteins such as PE, for which the three-dimensional structure is available, in order to identify those critical regions of the molecule. We are currently addressing this issue using P. aeruginosa PE as a model system.
